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1. Executive Summary: Pancreatic cancer is one of the most aggressive forms of

cancers with a low mean survival of 4-5 % (1). Currently few chemotherapeutic drugs
are found to be effective in reducing the cancer load and increasing the survival of
pancreatic cancer patients. For now, gemcitabine and 5-fluorouracil are
chemotherapeutic drugs used for treating pancreatic cancer; however, their treatment
benefits are limited due to drug resistance and their toxicity on normal cells (2).

In this proposal, we aim at determining the efficacy of a novel agent (ABBB1) which has
shown promising results in our studies. The agent is effective in reducing the survival of
both drug-sensitive and resistant pancreatic cancer cell lines. Our in vivo studies using
mouse model show that this analog is considerably less toxic compared to conventional
drug used in pancreatic cancer chemotherapy. In this proposal, we aim at analyzing the
anti-tumor activity of this agent in nude mice model and compare it with other more
conventional chemotherapeutic agents used in pancreatic cancer chemotherapy. We
will also determine the effect of this agent on cancer cell signaling and understand the
mechanism(s) by which it overcomes drug resistance. After accomplishing the goals of

the proposed studies, we intend on patenting and commercializing this agent.

2. “Gap” Project Objective and Total Amount Requested — $50,000

3. Name of Idaho public institution: Idaho State University

4. Name of faculty member directing project: Alok Bhushan

5. Description _of how resource commitments reflect the priorities of the home

institution(s) Expanding research and developing projects to enhance:

Idaho State University is committed to enhance research in the area of biomedical and

pharmaceutical sciences. This project matches the goals of the university. Our



university is also interested in translational research. This project will help us to develop
our novel project from the bench to the bedside.

6. Evidence that the project will have a potential impact to the economy of ldaho:

Development of this high profile project is likely to attract pharmaceutical and venture
capital companies to ldaho. The interest of such companies in investing in ldaho will
ultimately open up new avenues for increasing the ldaho job market, including the hiring
of Idaho graduates and other trained personal.

7. Establishes partnerships with the public or private sector or contribute to new

company creation: The successful outcome of the results from this study will help us in

commercializing this agent as a drug. We will partner ISU with Natural
Nanopharmaceutical Innovations Inc., a company established by Dr. Alok Bhushan (PI)
and Dr. Lai (Co-PI) of this proposal. The product may interest pharmaceutical
companies like Pfizer, Eli Lilly, and likely others.

8. The Market Opportunity: The project aims at testing the anti-tumor activity of a

novel agent which has shown promising results in our studies to treat pancreatic cancer.
Only few chemotherapeutic agents are effective in increasing the survival of pancreatic
cancer patients: therefore, we believe this agent has high potential to benefit the
patients. The agent will have a huge market as more than 30,000 individuals die due to
pancreatic cancer every year, making it the fourth leading cause of cancer-related
deaths. We are planning to compare the efficacy of this agent in vivo and in vitro with
other chemotherapeutic agents used in treating pancreatic cancer. Our preliminary
studies strongly suggest that this agent is more effective than the two drugs currently

used. Thus, it is highly likely that this outcome will attract interests from pharmaceutical



companies. Once our pre-clinical studies are completed, clinical trials for this drug will
be needed before the drug is approved. We intend on reaching out to St. Luke’s
Hospital, Idaho as partner for initiating clinical studies.

9. The Technology

The technology here refers to our novel agent that is effective in reducing the survival of
pancreatic cancer cells. More importantly, we found this agent to be considerably less
toxic compared to the currently used chemotherapeutic drugs. Currently, gemcitabine
and 5-fluorouracil are used for the treatment of pancreatic cancer patients. However,
these drugs are ineffective due to the drug resistant nature of the cancer cells. Before
clinical studies, an agent has to show promising results in in vitro and in vivo models.
Our current studies suggest that this agent has the potential for treatment of pancreatic
cancer. Therefore, we intend to further analyze the efficacy and toxicity of this agent.
Moreover, analyzing the effect of this agent on cellular signaling pathways allows us to
elucidate the mechanism(s) of its anti-tumor activity and may allow us to come up with a
strategy to improve the agents efficacy.

10. Commercialization Partners — Identify commercialization partners, if any, or

methods to be used in developing commercialization partners. Provide a clear
description of the business relationship between institution’s personnel and their private
partners. Clearly outline responsibilities for project tasks, proposed schedule of
meetings and a discussion of potential future activities that would take place upon
successful completion of the project.

Because of the agent’s therapeutic potential, we expect that major pharmaceutical

companies will show interests in this drug after the preclinical studies are carried out.



11. Specific Project Plan and Detailed Use of Funds

Pancreatic cancer is one of the most aggressive forms of cancer. With more than
30,000 deaths in the year 2009, it is the fourth leading cause of cancer related deaths
(1). Any therapy that can provide beneficial effects to the pancreatic cancer patients will
have a strong impact on the survival of the patients and this state’s economy. In this
project, we aim at determining the effect of ABBB1 in tumor model in vivo and studying
the effect on ABBB1 on pancreatic cancer markers. ABBB1 has shown promising
results in our preliminary studies. It is more cytotoxic to pancreatic cancer cells
compared with the conventional chemotherapeutic drug (Fig. 1). More importantly,
ABBBL in our in vivo toxicity study (using mice), exhibit much less toxicity compared to
that of a conventional drug. Thus, our results indicate that ABBB1 is more effective in

killing cancer cells but is less toxic on normal cells.
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Fig. 1. Comparative effect of conventional drug used in pancreatic cancer

chemotherapy and ABBB1 on pancreatic cancer survival in vitro.



Treatment Dose (i.p.) Mice died/ Total

mice in study

Conventional drug 5 mg/kg 1/4 in 3 weeks
Conventional Drug 30 mg/kg 4/4 in 1 week

ABBB1 5 mg/kg 0/4 in 4 weeks
ABBB1 30 mg/kg 0/4 in 4 weeks

Table 1. Comparative in vivo toxicity of conventional drug used in pancreatic cancer

chemotherapy and ABBB1.

These results warrant further investigation of the anti-cancer properties of this

compound. To achieve this goal, we have 3 tasks in this project.

Task 1: To synthesize ABBB1 in adequate quantities for task 2 and 3.
Much more of the compound will be synthesized to allow us to conduct our in vivo and
in vitro studies outlined in task 2 and 3. We have synthesized ABBBL1 for our preliminary

studies and have the expertise to synthesize them in our laboratories.

Task 2: To assess in vivo anti-cancer property of ABBB1.
The in vivo mice tumor model is a well characterized model to study the efficacy of an
agent on tumor formation and growth. This model is currently in use in our laboratory for

various other projects. For our task 1, we will divide 180 mice into 5 groups of 36 mice



each. These 5 groups will be injected with 5 different pancreatic cancer cell lines:
Pancl, MiaPaCa2, AsPC1, AsPC/F and AsPC/G. Pancl, MiaPaCa2 and AsPC1 are
obtained from different stages of pancreatic cancer. AsPC/F cells are cells which are
resistant to 5-fluorouracil and AsPC/G cells are cancer cells resistant to gemcitabine.
The cell lines were developed and characterized in our laboratory. Gemcitabine and 5-
fluorouracil are FDA-approved pancreatic cancer chemotherapy agents. Therefore, by
using this panel of cell lines, we will determine the effect of ABBB1 on pancreatic cancer
models from different stages of cancer and elucidate its effect in drug resistant
pancreatic cancer models.

The mice will be injected subcutaneously with their respective pancreatic cancer cells
and then each group of 36 will be separated into three sub-groups of 12 mice each. The
three subgroups will receive either of these drugs (1) ABBB1, (2) gemcitabine or (3) 5-
fluorouracil. The tumors will be allowed to grow for four weeks before initiation of weekly
drug administration. The tumor size will be analyzed for 10 weeks after initiation of drug
administration to compare the effect of the 3 agents on growth of pancreatic cancer in
vivo (3).

Task 2 will determine the effect of ABBB1 in vivo and its efficacy compared to the other
commonly used anti-tumor agents for treatment of pancreatic cancer. This study is a

necessary step before proceeding to clinical studies.

Task 3: To determine the effect on ABBB1 on pancreatic cancer signaling molecules/
markers.

Cancer cells have modulated signaling mechanisms which provide the cells with growth



and proliferative advantage. These signaling mechanism involve molecules/markers
which are important for the cells to proliferate. Therefore, we will analyze the effect of
ABBB1 on two important molecules of pancreatic cancer: K-Ras and epidermal growth
factor receptor 1 and 2 (EGFR 1 and 2). These molecules are present in high levels in
pancreatic cancer and have been associated with poor prognosis. For task 3, following

experiments will be performed:

1) Western blot_analysis: Pancl cells (8 X 10°) will be seeded in tissue culture

flasks and treated with different concentrations of ABBB1. The cells will be allowed to
grow for 72 hours and then harvested for preparation of cell lysates. The lysates will be
subjected to gel electrophoresis (ref). The membrane will then be probed with K-Ras,
EGFR 1, EGFR 2, p-EGFR 1 and p-EGFR 2 (activated EGFR) antibody. Following this
step, HRP conjugated secondary antibodies antigenic to respective primary antibodies
will be added to the blots. The blots will then be analyzed by the chemiluminescence
method. This assay will be used to compared the expression of the analyzed proteins
between untreated and ABBB1 treated Pancl cells (4).

2) Ras activity assay: The expression of K-ras alone cannot determine the activity

of ras in the cell lines. Therefore, for their further characterization we plan to compare
the activity of ras in the untreated and ABBBL1 treated cells. The ras activity assay will
be performed by ras activation kit (Assay design, catalog # EKS-460) according to
recommendations of the commercial vendor.

Task 3 will help us determine the effect of ABBB1 on cellular signaling mechanisms.

These signaling mechanisms allow the cells to proliferate, therefore, by analyzing the



effect of ABBB1 on them, we will be able to better understand the mechanism by which

ABBB1 show its anti-cancer effect.

Task 1 will require $ 6,300 for synthesizing the compound in adequate quantity. Task 2
and 3 will require growth media with supplemented serum from propagation of cancer
cells in vitro. The media along with serum will cost $ 3000 for both the tasks. Mice for
task 2 are available at the rate of $ 30/mice and their housing rate is set at $ 0.40 per
diem. Therefore the cost for the animal study will be $ 12, 500. $ 1,500 will be used for
the purchase of drugs (gemcitabine and 5-fluorouracil). $ 7,000 will be required for
tissue culture supplies, antibodies and general lab supplies. $ 2,000 will be used for
electrophoresis and Ras activity assay supplies mentioned in task 2. A graduate student
will be hired and paid $ 16, 253 for conducting this work at the rate of $ 17 per hour

part-time (16 hours/week) for the duration of this project (60 weeks).

12. Education and Outreach: Describe the education, research and development

opportunities for students and faculty (e.g., support of undergraduate and/or graduate
students, internship opportunities, postdoctoral researchers, industrial fellows, and
faculty members from other college and universities. Clearly outline plans for attracting
and involving high-quality students (undergraduate, graduate, postdoctoral) in research
activities.

Part of this work will be carried out by a graduate student. Once this project is
completed, grants will be written to support undergraduate, graduate and postdoctoral

researchers. This work will help the students understand the process of drug



development and having industry in Idaho can help in creating jobs and improve

economy. These students can serve as ambassadors of research to our community.

13. Institutional and Other Sector Support: ISU has funded us research grant to

support the preliminary studies via the University Research Grant mechanism. ISU
administration is committed to support us in this project. We use Coulter counter and
animal facilities, laboratory space and several other facilities to carry out the studies.
Summarize the home institution's commitment at a level appropriate to the project.
Specific facilities are listed in the appendices below. As the
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